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Available online 7 February 2015AbstractA quantitative description of a long-term series of aquatic environmental factors and their spatial distributions was generated using measured
data from the Jiaojiang Estuary from 1982 to 2011. The aquatic environmental factors included suspended matter, salinity, and nutrients. Based
on these factors, the aquatic ecosystem health in the Jiaojiang Estuary over the last 30 years was analyzed. The results indicated that the
suspended matter concentration in the estuary was mainly affected by the amounts of suspended sediment and solid waste, with the value
fluctuating over a long period, and the range of high concentration expanded continually; the salinity was mainly affected by precipitation and
surface water resources, showing an overall decreasing trend, and the region with low salinity moved seaward and toward the reclamation areas;
and the nutritional status, mainly affected by discharge of industrial wastewater and domestic sewage, was satisfactory in the 1980s and 1990s,
but the status became severe in recent years. Reclamation had a great influence on these three factors: high reclamation strength led to a
significant increase in the suspended matter concentration and a deterioration of the nutritional status, and the reclamation rate was negatively
related with the salinity in the estuary. There was a significant positive correlation between the health status of the aquatic ecosystem and salinity,
with a correlation coefficient of 0.93. The correlation coefficient between the health status and nutritional status was 0.71, while the correlation
between the suspended matter concentration and health status was not as significant as that of the other two factors. The dynamics of the aquatic
environment could be divided into four stages: sustainable health from the 1980s to the 1990s, continued deterioration from 2000 to 2003,
improvement from 2004 to 2005, and secondary deterioration from 2006 to 2011. The Jiaojiang Estuary is faced with imminent environmental
pressure at present.
© 2015 Hohai University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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With the acceleration of economic development and human
activities, the destruction of the integrity of water sources has
become more serious, requiring intervention (Steinemann,This work was supported by the Soft Science Research Project of the
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creativecommons.org/licenses/by-nc-nd/4.0/).2000; Dante et al., 2005; Yang et al., 2007). An estuary is the
ecological convergence zone of freshwater and marine sys-
tems, which exhibits unique physical, chemical, and biological
properties and high productivity.
Similar to many estuaries worldwide, the watershed up-
stream of the Jiaojiang Estuary is characterized by a high
population density and developed social economy. The critical
water environmental problems in this area result from the
discharge of industrial wastewater and domestic sewage from
numerous outfalls into the adjacent waters. Industrial effluent
has been discharged into local water bodies and has further
entered the Jiaojiang Estuary, leading to water quality deteri-
oration. Tide cycles have further caused the widespread deathThis is an open access article under the CC BY-NC-ND license (http://
21Chun-ye Wang et al. / Water Science and Engineering 2015, 8(1): 20e29of shellfish in offshore aquaculture (Wang et al., 2005).
Moreover, human activities have altered the natural conditions
and created significant pressure on the aquatic environment in
the Jiaojiang Estuary.
Research on the aquatic ecosystem of the Jiaojiang Estuary
by Du et al. (2011) has indicated that the water quality of this
area was worse than Grade IV according to the Sea Water
Quality Standard (GB 3097-1997), and runoff and pollutant
emissions were the main factors leading to the water quality
deterioration. Zhang et al. (2013) showed that dissolved
inorganic nitrogen (DIN), dissolved inorganic phosphate
(DIP), and oil were the primary substances, exceeding their
control standards in the Jiaojiang Estuary. Jiang et al. (2006)
surveyed the concentrations of typical organic contaminants,
indicating that wastewater from the chemical industry was the
main source of aniline and nitrobenzene in seawater and
sediment. PAHs were found from the combustion of fossil
fuels at the Taizhou Power Plant, and PCBs from the trans-
location of waste emission from the waste electronic machine
recycling industry. Based on an investigation of the concen-
trations of DIN, DIP, Hg, Pb, dissolved oxygen (DO), and
chemical oxygen demand (COD) in the Jiaojiang Estuary,
Wang et al. (2005) concluded that the estuary was in a state of
serious pollution. The average eutrophication index there was
very high, with a value reaching 288, and the biodiversity and
biomass of the system were quite low, demonstrating the
frangibility of the Jiaojiang Estuary.
Guo and Chen (2007) demonstrated that sedimentation at
harbors is an emergent problem for some coastal cities in this
area. These researchers obtained distribution characteristics of
suspended matter in the Jiaojiang Estuary and Taizhou Gulf,
and found that the oil concentration was high in the Jiaojiang
Estuary, and that the water quality at 83.40% of the stations
was worse than Grade I. Li et al. (1999) showed that sus-
pended matter (SM) mainly included suspended sediment,
inorganic and organic materials, and clay, which are water-
insoluble, and the suspended sediment mainly came from sea
transport. Because of the reduction of sea transport in recent
years, the suspended sediment concentration in the Jiaojiang
Estuary has decreased.
Some contaminants come from ocean engineering projects,
such as land reclamation. The Jiaojiang Estuary reclamation
has a long history, which can be dated back to the year 1145.
By 1949, an area of 307 km2 had been reclaimed, with seven
seawalls constructed on the south bank of the estuary. After
that, the Jiaojiang Estuary underwent additional reclamation
projects, and the seawall number increased to 10. From 2000 to
2013, the number of seawalls increased to 12, with two other
seawalls constructed in 2001 and 2009, respectively. At present,
the total area of reclamation has reached about 450 km2.
Although investigations of the water quality have been
conducted in the Jiaojiang Estuary, this research was focused
either on singular aquatic environmental factors or aquatic
organisms. Results that profiled the aquatic environmental
quality more holistically were ephemeral and covered only
one season or one year. The dynamics of the aquatic envi-
ronment over long periods of time need to be analyzed morecompletely, especially for parameters regarding industrial
wastewater, domestic sewage, hydrodynamics, and so on.
For the purpose of identifying the reasons for the water
quality decline in the Jiaojiang Estuary, the aquatic environ-
mental factors and the aquatic ecosystem health over the last
30 years were analyzed based on the historical data. Natural
and human factors were also explored. It is expected that this
study will provide theoretical support to environmental pro-
tection in the Jiaojiang Estuary.
2. Methodology2.1. Study areaThe Jiaojiang Watershed encompasses an area of
6 603 km2. Approximately 0.53 million people lived there in
2013. It is located on the central coast of Zhejiang Province, at
the confluence of the Lingjiang and Yongningjiang rivers. The
coastline is 51.4 km. The area is mainly covered with water,
with land predominantly in agriculture and construction. The
average runoff is 163 m3/s, the annual river discharge is
6.6 km3, and the rainy season is from April to September.
The Jiaojiang Estuary is located in the middle of Zhejiang
Province, which opens outward like the mouth of a horn. The
depth of most of the area is less than 10 m, and there are
shallow regions with a depth less than 2 m outside the mouth
(Guo and Chen, 2007). The average tidal range in the Jiaojiang
Estuary is 4.01 m, and the maximum tidal range is 6.30 m.
With abundant natural resources, the economic development is
rapid in this region. Marine aquaculture has been developed in
this region, and fish, shrimp, and crab farms have been
established (Sun et al., 2012). Industrial development is quite
intense on both banks of the Jiaojiang River, and construction
and operation have greatly threatened the adjacent intertidal
and coastal waters (Zhao et al., 2009).2.2. Station settingWater samples were collected in summer, and the sampling
range was 28370N to 28410N and 121260E to 121370E. This
study was only concerned with coastal waters in the Jiaojiang
Estuary, and five marine ecological monitoring stations were
set along the river-to-sea direction, denoted as S0, S1, S2, S3,
and S4 in Fig. 1.2.3. Data collecting methodsThe sample collection, pretreatment, and analysis were
conducted according to the procedures described in Specifi-
cations for Marine Monitoring (GB17378.3-1998 and
GB17378.4-1998). The reclamation dynamics in the Jiaojiang
Estuary were extracted using remote sensing images on the
ArcGIS platform based on color, shade, size, shape, texture,
pattern, location, and other combinations. The concentrations
of suspended matter, salinity, DO, COD, active phosphate
ðPO34 Þ, DIN, and oil were obtained from the investigation by
the Zhejiang Provincial Zhoushan Ocean Ecological
Fig. 1. Marine ecological monitoring stations in offshore area in
Jiaojiang Estuary.
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tion, surface water resources, industrial wastewater, and do-
mestic sewage was obtained from the Environment Bulletin of
Taizhou City issued by the Taizhou Environmental Protection
Bureau at http://www.zjtz.gov.cn/.2.4. Evaluation methods
2.4.1. Evaluation of eutrophication
The eutrophication index E was calculated as follows (Lan,
2011):
E ¼ rðCODÞrðDINÞrPO34
 1064 500 ð1Þ
where rðCODÞ, rðDINÞ, and rðPO34 Þ are the concentrations
of chemical oxygen demand, dissolved inorganic nitrogen, and
active phosphate in mg/L, respectively.
The values of E in the ranges of E< 0:5;
0:5  E< 1:0; 1:0  E< 3:0; and E  3:0 correspond to poor,
moderate, rich, and high rich nutritional status, respectively. A
higher value of E indicates a more serious pollution status.
2.4.2. Evaluation of organic pollution
The organic pollution index A was calculated as follows
(Lan, 2011):
A¼ rðCODÞ
r0ðCODÞ
þ rðDIPÞ
r0ðDIPÞ
þ rðDINÞ
r0ðDINÞ
 rðDOÞ
r0ðDOÞ
ð2Þ
where rðDIPÞ and rðDOÞ are the concentrations of dissolved
inorganic phosphate and oxygen in mg/L, respectively; and
r0ðCODÞ, r0ðDIPÞ, r0ðDINÞ, and r0ðDOÞ are the criteria of
each indicator, with values of 3.00, 0.30, 0.03, and 5.00 mg/L,
respectively, for water quality of Grade II according to the Sea
Water Quality Standard (GB 3097-1997).
When A  1, the water quality is considered to be in a good
condition; when 1<A  2, the water quality is considered to be
in a safe condition; when 2<A  3; 3<A 4; and 4<A  5,
the water quality shows mild, moderate, and heavy pollution,
respectively.2.4.3. Evaluation of water environment health
This paper refers to the ecosystem health assessment
method for Queensland waters (Longstaff and Smith, 2004).
The water quality standard score of each indicator was
calculated as follows:
Si ¼ 1

XiGi
WiGi
 ð3Þ
where Si is the standard score of indicator i with a range of
0e1, and a greater value of Si corresponds to a healthier
ecosystem; Xi is the measured value of indicator i; Gi is the
guideline value of indicator i, which is the reference value; and
Wi is the worst value of indicator i that might occur.
The standard score of each indicator reflects the degree of
its measured value deviating from the reference value. If the
measured data is close to the reference value, the standard
score will be close to 1. The comprehensive score of
aquatic ecosystem health S can be obtained by taking the
average of all indicators. Values of S in the ranges
of 0:75< S  1:00; 0:60< S  0:75; 0:45< S  0:60; and
0:30< S  0:45 indicate that the aquatic ecosystem is in the
very healthy, healthy, average, and bad or very bad states,
respectively, corresponding to four levels of the health status
of the aquatic ecosystem.
Because there has been no systematic research on the
criteria for marine aquatic environments in China, this study
utilized the Sea Water Quality Standards (GB 3097-1997) as
the reference. The criteria for water quality of Grade I, suitable
for marine fisheries, marine nature reserves, and endangered
marine species reserves, were taken as the guideline values.
The theoretical minimum of indicators or lower quartile of all
data was taken as the worst value. Two special circumstances
were considered in this study: when Xi is superior to Gi, the
standard score of indicator i is 1, and when Xi is inferior to Wi,
the standard score of indicator i is 0. The reference values of
the indicators are shown in Table 1.
3. Results and discussion3.1. Suspended matter and its impact factors in
Jiaojiang EstuaryThe suspended matter concentration in the Jiaojiang Estu-
ary from 1982 to 2011 displayed an M-shaped fluctuation, as
shown in Table 2. The average suspended matter concentration
in the 1980s was 50 mg/L, and the highest values occurred in
2003 and 2008. As shown in Fig. 2, the suspended matter
concentration decreased seaward from the estuary.
As shown in Fig. 3, the contour for the suspended matter
concentration of 203 mg/L moved seaward from 2005 to 2008,
indicating that the range of high concentration expanded
continually. It was considered that an aquatic environment
with a suspended matter concentration greater than
203 mg/L was unhealthy. The vertex positions of the contour
for the suspended matter concentration of 203 mg/L were
(284004800N, 1213401200E), (284001200N, 1212700000E),
Table 1
Criteria for aquatic environmental indicators in Jiaojiang Estuary.
Item Physical indicator Chemical indicator
SM concentration (mg/L) Salinity (‰) rðDOÞ (mg/L) rðCODÞ (mg/L) rðPO34 Þ (mg/L) rðDINÞ (mg/L) Oil concentration (mg/L)
Guideline value 203a 28.50c 6.00c 2.00c 0.015c 0.20c 0.05c
Worst value 1 550b 21.90b 5.45b 2.43b 0.090b 0.50b 0.50b
Note: a signifies the upper quartile of data from 1982 to 2011, b signifies the lower quartile of data from 1982 to 2011, and c signifies the criteria
for water quality of Grade I.
Table 2
Measured data of some aquatic environmental factors in Jiaojiang
Estuary.
Year SM concentration (mg/L) Salinity (‰) Oil concentration (mg/L)
1982 50.0 28.50 0.04
1990 41.5 27.99 0.04
2003 1104.2 27.86
2004 22.82 0.07
2005 121.2 25.92
2006 26.78
2007 318.0 22.76 0.07
2008 588.6 22.82 0.10
2009 0.11
2010 21.15 0.09
2011 289.0 26.19 0.09
Fig. 2. Horizontal distributions of suspended matter co
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in the years 2003, 2005, 2007, and 2008, respectively. In
comparison to 2003, the vertex position of the contour moved
11.73 km toward the estuary in 2005. It moved 10.77 km
seaward from 2005 to 2007 and then 2.38 km in 2008.
There are many factors affecting the suspended matter
concentration in the estuary, and the amount of suspended
sediment is a critical factor. Both the Jiaojiang and Lingjiang
rivers had little sediment, with an average amount of
1.22  106 t per year, and the sediment transport was
measured in nearly flood conditions (Chi, 2010; Li et al.,
1999). According to the observed data, the annual average
amount of sediment transport from the Yangtze River into the
sea decreased from 4.68  108 t in the 1980s to 3.52  108 t in
the 1990s. Thus, the reduction of the suspended matter con-
centration from the 1980s to the 1990s was related to the
reduction of sediment transport.ncentration in Jiaojiang Estuary in different years.
Fig. 3. Change of contour for suspended matter concentration of
203 mg/L in Jiaojiang Estuary.
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tuary, such as industrial solid waste, domestic garbage, inor-
ganic and organic matter, and clay, has inevitably led to an
increase in the suspended matter concentration. The amounts
of solid waste emission were 1.6  105 t, 6.16  104 t, and
4.45  104 t in 2008, 2009, and 2011, respectively, and the
amounts of sludge emission were 1.00  103 t, 1.08  104 t,
and 1.54  104 t, respectively. Solid waste is treated near the
Jiaojiang Estuary, and the generated waste has been dis-
charged into the sea, resulting in increasing suspended matter
concentration. The greatest amount of solid waste emission
occurred in 2008, corresponding to the highest measured value
of the suspended matter concentration in this year.Fig. 4. Horizontal distributions of salinityReclamation is another human factor causing an increase in
the suspended matter concentration. Reclamation history
stretches back for nearly a millennium, with most dikes having
been built recently, in the early 2000s. The average reclama-
tion rates were 0.38, 2.47, 2.08, 1.00, 1.19, 22.88, and
44.99 km2/year during the periods of 1145 to 1949, 1950 to
1969, 1970 to 1979, 2000 to 2003, 2007, 2008, and 2009,
respectively. During the periods of 1980 to 1999 and 2004 to
2006, there was not any reclamation activity in this area. As a
result of reclamation, sediment flowed out with water from the
cofferdam into the sea, disrupting the sediment distribution at
the bottom, producing more suspended sediment, and
increasing the water turbidity. Furthermore, the changes of
tidal power induced by reclamation altered the suspended
matter concentration (Liu, 2007; Wang et al., 2009). This
result is consistent with Zeng (2012).3.2. Salinity and its impact factors in Jiaojiang EstuaryThe variation of the sea surface salinity in the Jiaojiang
Estuary since the 1980s is shown in Table 2, demonstrating an
overall downward trend within a range of 28.50‰e21.15‰.
The salinity remained around 28‰ from the 1980s to the
1990s, and decreased to its lowest value of 21.15‰ in 2010.
The horizontal distribution of sea surface salinity is shown in
Fig. 4. There was a significant increase in the salinity gradient
seaward from the estuary, which was in line with the general
trend.in Jiaojiang Estuary in different years.
Fig. 5. Change of contour for salinity of 21.90‰ in Jiaojiang Estuary.
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healthy aquatic ecosystem in the Jiaojiang Estuary, as shown
in Table 1. Fig. 5 indicates the expanding range of low salinity;
the range moved toward the reclamation areas in 2011. The
vertex positions of the contour for a salinity of 21.90‰ were at
(284004800N, 1212801200E), (284001200N, 1213003600E),
(284001200N, 1213303600E), (284001200N, 1213300000E), and
(283600000N, 1213600600E) in the years 2003, 2005, 2007,
2008, and 2011, respectively. The distribution of salinity
contours for values lower than 21.90‰ shows that the region
of low salinity moved seaward and toward the reclamation
areas overall. In comparison to 2003, the vertex position of the
contour for a salinity of 21.90‰ moved 3.89, 4.01, 0.77, and
9.01 km seaward from the estuary, respectively, in 2005, 2007,
2008, and 2011.
Salinity is affected by river runoff, precipitation, surface
water, groundwater, evaporation, and exchange of water from
inside and outside of the estuary (Zhao et al., 2010). As shown
in Table 3, relatively high average precipitation occurred in
2010 and the minimum occurred in 2003, while opposite
trends in salinity were measured in those years, with a cor-
relation coefficient of 0.56. As evidenced by these dynamics,
precipitation can reduce salinity, and can be an inducement for
salinity change in the Jiaojiang Estuary. The distribution of
surface water resources was consistent with precipitation,
indicating that both played a role in salinity reduction.
Tidal processes influence the exchange of water from inside
and outside the estuary, and reclamation has been thought toTable 3
Measured precipitation and surface water resources data in Jiaojiang
Estuary.
Year Precipitation (mm) Surface water resources (km3)
2003 1 250.00
2004 1 605.40 7.93
2005 2 177.70 13.99
2006 1 626.90 8.57
2007 1 827.70 10.12
2008 1 457.00 6.70
2009 1 626.00 8.30
2010 2 166.20 13.84
2011 1 376.73 6.32
2012 2 094.20 12.84reduce the mineralization of groundwater and salinity of
seawater. This study demonstrated that the salinity remained at
about 28‰ from the 1980s to the 1990s because of little recla-
mation activity during this period. With the advent of new
reclamation projects in the 21st Century, there has been an
obviously decreasing trend in salinity. However, the salinity
increased from 2004 to 2006, which could be attributed to no
reclamation activity during this period. The salinity further
decreased from 2007 to 2010, with the lowest value of 21.15‰
occurring in 2010, during the period when large-scale reclama-
tion events were initiated. The salinity and reclamation ratewere
negatively correlated, with a correlation coefficient of 0.8.3.3. Nutritional status and its impact factors in Jiaojiang
Estuary
3.3.1. Eutrophication assessment
The sea surface eutrophication index in the Jiaojiang Es-
tuary since the 1980s is given in Table 4. The eutrophication
index was less than 0.5 during the 1980s and 1990s, indicating
satisfactory nutritional status in these periods. It was greater
than 3 after the year 2000, signifying that the eutrophication
index had reached a high level.
The horizontal distribution of the eutrophication index in
the Jiaojiang Estuary is shown in Fig. 6, which displays a
decreasing trend seaward from the estuary. The highest
eutrophication index occurred at station S0 in the period of
2003e2005 and in 2011. In 2007 and 2008, the eutrophication
index was highest at station S1, and almost all of the indexes
were greater than 3, with the exception of the values at stations
S3 and S4, indicating that the eutrophication range expanded
seaward during this period. The region with an eutrophication
index greater than 5 moved seaward constantly, but the trend
was less distinct than that of salinity. The pollution status of
the open sea improved as the region of high nutrition receded
back toward the estuary. As shown in Fig. 7, the vertex posi-
tions of the contour for the eutrophication value of 5 were at
(284001200N, 1213306600E), (284001200N, 1213503600E),
(283802400N, 1213504400E), (283903600N, 1213700000E), and
(284102400N, 1213401200E) in 2003, 2005, 2007, 2008, and
2011, respectively. The vertex position of the contour moved
3.47 km from 2005 to 2007 and 3.71 km from 2007 to 2008.
The high-nutrition region retreated toward the estuary from
2008 to 2011.Table 4
Nutritional status indexes in Jiaojiang Estuary since 1980s.
Year Eutrophication index Organic pollution index
1982 0.001 7 1.16
1990 0.003 4 0.37
1997 0.28 1.25
2003 286.87 14.85
2005 9.24 8.90
2007 22.21 12.04
2008 29.54 8.35
2011 10.21 10.71
Fig. 6. Horizontal distributions of eutrophication index in Jiaojiang Estuary in different years.
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The variation of the sea surface organic pollution index in
the Jiaojiang Estuary since the 1980s is shown in Table 4. The
water quality is considered to be in a good condition when the
index is less than 1, as in the 1980s. However, it rose to a value
greater than 1 and less than 2 in the 1990s, indicating a safe
condition in the Jiaojiang Estuary. The index was greater than
4 and fluctuated constantly after 2000, demonstrating serious
water pollution.
The horizontal distribution of the organic pollution index in
the Jiaojiang Estuary is given in Fig. 8, showing a decreasing
trend seaward from the estuary. As shown in Fig. 9, the vertex
positions of the contour for the organic pollution index of 5Fig. 7. Change of contour for eutrophication index of 5 in Jiaojiang
Estuary.were at (284001200N, 1213202400E), (284004800N,
1213300000E), (283802400N, 1213303600E), and (283903600N,
1213401200E) in 2003, 2005, 2007, and 2008, respectively.
The vertex position of the contour moved 1.53 km seaward
from 2003 to 2005 and 6.25 km toward the reclamation areas
in 2007 and then 2.58 km back toward the estuary in 2008.
As shown in Fig. 10, the amounts of industrial wastewater
and domestic sewage increased continuously in the Jiaojiang
Estuary from 2005 to 2010. The amount of domestic sewage
increased from 9.28  107 t to 1.381  108 t with an annual
growth rate of 9.7%. Most of the industrial wastewater reached
the emission standard after treatment, while the domestic
sewage was discharged without treatment, and thus it is
considered a driving factor of eutrophication, with a correla-
tion coefficient of 0.73. The oil content, shown in Table 2,
displays an increasing trend in the estuary and is also another
cause of water environmental pollution.
This study demonstrates that the estuary exhibited a satis-
factory nutritional status during the 1980s and 1990s, and the
eutrophication index and organic pollution index were both
higher than 3 after 2000. The calculated eutrophication and
organic pollution indexes have been very high in recent years,
as corroborated by the results of Sun et al. (2012). The
eutrophication dynamics were closely related to reclamation
activities. There were periods without reclamation during the
1980s and 1990s, an accelerated developmental period from
2001 to 2003, and a large-scale reclamation period from 2007
to 2009. The correlation coefficient between eutrophication
Fig. 8. Horizontal distributions of organic pollution index in Jiaojiang Estuary in different years.
27Chun-ye Wang et al. / Water Science and Engineering 2015, 8(1): 20e29and reclamation was 0.76. The area for aquaculture reached
769 hm2 in 2009, and the planned area for offshore develop-
ment reached 3 000 hm2. The amounts of nitrogen, phos-
phorus, and oil emissions as a result of reclamation projects
and aquaculture activities are important factors that determine
the water quality of the Jiaojiang Estuary.3.4. Aquatic ecosystem health assessmentBased on the results of aquatic ecosystem health assess-
ment of the last 30 years in the Jiaojiang Estuary, as shown inFig. 9. Change of contour for organic pollution index of 5 in Jiaojiang
Estuary.Fig. 11, the dynamics of the aquatic environment can be
divided into four stages. In stage 1 from the 1980s to the
1990s, the standard score for ecosystem health was high, and
the health status of the aquatic ecosystem was classified as
level 1, indicating that the aquatic ecosystem was disturbed
minimally by outside factors in this period. In stage 2 from
2000 to 2003, the health status of the aquatic ecosystem
deteriorated from level 1 to level 4, indicating a heavy
disturbance. In stage 3 from 2004 to 2005, there was a period
of improvement of the aquatic ecosystem, with the standard
score reaching 0.75 in 2005, and the health status reachingFig. 10. Amounts of industrial wastewater and domestic sewage in
Jiaojiang Estuary.
Fig. 11. Aquatic ecosystem health assessment for Jiaojiang Estuary.
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deterioration of the aquatic ecosystem, and the health status
decreased to level 4. The water quality in this stage was
deplorable, indicating that the aquatic ecosystem had been
heavily disturbed.
The water quality in the Jiaojiang Estuary declined
generally from the 1980s to 2011. The health status was
modulated by all the factors mentioned above. The correla-
tion between the suspended matter concentration and the
health status of the aquatic ecosystem was not significant
in this study. However, the suspended matter concentration is
an important indicator of aquatic ecosystem health. An in-
crease in suspended matter concentration and turbidity re-
stricts the growth of aquatic plants and the biological
processes of the native nekton (Stevenson et al., 1993). In
addition, the investigation showed a significant linear cor-
relation between the number and density of species and
salinity in the estuary. The changes in the biological com-
munity will lead to the modification of the aquatic ecosystem
in the estuary and affect the aquatic ecosystem health (Ye,
2005). The standard score of salinity was 0.14 in 2007 and
2008, and correspondingly, the comprehensive standard score
of the health status of the aquatic ecosystem in the Jiaojiang
Estuary was only 0.33, demonstrating a significant positive
correlation between the two values, with a correlation coef-
ficient of 0.93. The extent of eutrophication range and
imbalance of the nitrogen-to-phosphorus ratio may cause
changes in the composition of dominant algae species. In
this study, there was a negative correlation between the
health status of the aquatic ecosystem and the nutritional
status in the Jiaojiang Estuary, with a correlation coefficient
of 0.71.
4. Conclusions
The dynamics of suspended matter, salinity, and nutrients
were investigated in the Jiaojiang Estuary based on historical
data from the last 30 years, and a comprehensive health
assessment of the aquatic ecosystem for this area was per-
formed. The natural and human factors were explored. The
main conclusions are as follows:
(1) The suspended matter concentration fluctuated in the
estuary, and the range of high concentration expanded
continually. Suspended sediment is a critical factor affecting
the suspended matter concentration in the estuary. Thegeneration of water-insoluble debris caused by the solid waste
emission inevitably leads to an increase in suspended matter
concentration, and reclamation is another human factor
affecting the suspended matter concentration.
(2) The salinity showed an overall decreasing trend, and
the region with low salinity continually moved seaward.
Precipitation and surface water resources can be incentives
for salinity change in the Jiaojiang Estuary. The salinity
showed a significant negative correlation with the reclamation
rate.
(3) The estuary exhibited a satisfactory nutritional status
during the 1980s and 1990s, and the status has become severe
in recent years. Anthropogenic discharge of industrial waste-
water and domestic sewage is a driving factor affecting the
nutrient concentration. Nitrogen, phosphorus, and oil emis-
sions as a result of reclamation projects and aquaculture ac-
tivity are important factors determining the water quality in
the Jiaojiang Estuary.
(4) There was a significant positive correlation between
the health of the aquatic environment and salinity, with a
correlation coefficient of 0.93. The correlation coefficient
between the health status and nutritional status was 0.71,
while the correlation between the health status of the aquatic
ecosystem and the suspended matter concentration was not
as significant as that of the other two factors.
(5) The dynamics of the aquatic environment in the Jiao-
jiang Estuary were characterized by four stages: sustainable
health from the 1980s to the 1990s, continued deterioration
from 2000 to 2003, improvement from 2004 to 2005, and
secondary deterioration from 2006 to 2011. It is apparent that
the Jiaojiang Estuary is faced with imminent environmental
pressure.
(6) Foundational understanding of the environmental situ-
ation in the Jiaojiang Estuary is imperative for improvement of
management and sustainable utilization of water resources.
The most important thing for improvement of water quality is
pollution investigation and control. Furthermore, the effects of
ocean engineering, such as land reclamation, and industrial
development on the marine environment should be given
ample attention, and measures should be taken for effective
regulation.
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